A synthesis of triazole-substituted 1-arylquinoxaline derivatives from halogenated 2-nitrosodiarylamines by two routes is presented. Regioselective substitution of fluorine or chlorine in the starting compounds by sodium azide followed by double cyclocondensation of both the azide substituent and the nitrosoamine group leads to functionalized 2-methylenequinoxaline derivatives. The alternative route separates the two cyclocondensation reactions, allowing obtention of triazole-substituted quinoxalin-2-one derivatives by using two different dicarbonyl reagents. 
Introduction
Triazoles are compounds of great importance particularly in medicinal chemistry. [1] [2] [3] [4] Nitrogen polycyclic heterocycles possessing triazole ring as a substituent attract continuous attention. Synthesis of triazoles is accomplished most frequently using the azido group as a three-nitrogen atom donor. Thus, heteroaromatic azides become crucial starting materials in the synthesis of such polyheterocyclic systems. In 2007, we discovered the reaction of nitroarenes with aromatic amines in the presence of a strong base leading to 2-nitrosodiarylamines .7,8 These compounds turned out to be versatile starting materials for synthesis of a number of two-nitrogen-containing heterocycles such as phenazines, 9,10 benzimidazoles 11 and quinoxalinones. 12 On the other hand, when the leaving group was present in the ring containing the nitroso group, the latter acted as a strong electron-withdrawing group activating the leaving group for aromatic nucleophilic substitution. The reaction was found efficient for alkoxy or alkylamine nucleophiles. However, due to high reactivity of the nitroso group towards various nucleophiles as well as its susceptibility to redox processes, the choice of potential nucleophiles has been limited. 13 Recently we found that the range of suitable nucleophiles can be extended to azide anions. In this report, we present a simple synthesis of 5-azido-2-nitrosodiarylamines which can be further transformed into 2-alkylidenequinoxalines bearing triazole group in position 7, via the cascade reaction with β-dicarbonyl compounds. This method allows for obtaining complex structures starting from simple substrates under mild, heavy-metal-free conditions. Furthermore, a complementary approach which make use of 2-nitrosodiarylamines in the synthesis of triazole-substituted quinoxalin-2-one derivatives is presented. Substitution of ortho-chloride, when it is the only leaving group in the molecule, occurs very slowly and is followed by intramolecular condensation of the azido and nitroso groups resulted in formation of a benzofurazan system 4a (Scheme 2). The ortho azido nitroso compounds 3 were not isolated nor observed, but it seems reasonable to assume them as intermediates leading to 4. Surprisingly, the methoxy group at para position resists of substitution by azide ions in 1i, while it was preferentially substituted with pyrrolidine in 3-chloro-5-methoxy-2-nitrosodiarylamines. The substitution of ortho halogens by azide ions forming benzofurazan derivatives was observed and described earlier for a few 2,6-dihalonitrosobenzenes in their reaction with sodium azide in DMSO at elevated temperature. 14, 15 Since the cyclization seems to be much faster than the substitution, obtaining oazidonitrosoarenes this way was not possible.
Functionalization of 2-nitrosodiarylamines with an azido group opened up a new perspective for building complex heterocyclic systems containing multiple rings. Initially we tried to build a triazole ring by coppercatalyzed cycloaddition 16 of the azido group with propargyl alcohol derivatives but the results were disappointing, probably because of reactivity of the nitroso group under the reaction conditions. Thus, we turned out to the most straightforward and reasonable idea to build two different heterocyclic rings on the two reactive centers, the ortho-nitrosoaniline and the azido functions, in the reaction with the same shared reagent. While double condensation reactions of 2 with benzyl cyanide, cyanoacetic acid esters and malonates were unsuccessful, with 1,3-diketones or β-ketoesters gave positive results. The reaction worked satisfactorily in MeCN with various β-diketones, provided that they possessed at least one terminal methyl group. tertButylamine was chosen as a catalyst since it had been found to be the best catalyst for the previously developed reaction of 2-nitrosodiarylamines with β-diketones leading to the condensed pyrazine ring. 17, 18 Formation of the triazole ring proceeds most likely via the dipolar cycloaddition of the enolate form of β-dicarbonyl compound and aryl azide, [19] [20] [21] for which detailed mechanistic studies and explanation of the observed regioselectivity have been reported. 19 The reactions 2 -> 5 are also regioselective. The expected structure of the regioisomer formed was confirmed for selected triazoles (5a, d and f) by NMR techniques Table 3 . Separate cyclocondensations of the nitrosodiarylamine moiety and the azido group While fluorine was substituted by sodium azide in quinoxalin-2-ones 6a and 6b efficiently at room temperature, the reaction of chloro derivative 6c required elevated temperature (80 °C) and gave much lower yield of 7c. On the other hand, relatively low yield of the cyclization of 7a is difficult to explain. Nevertheless, the approach can be useful for the synthesis of complex nitrogen heterocyclic compounds of a specific structure.
Conclusions
It was demonstrated that halogenated 2-nitrosodiarylamines can be useful starting materials in the synthesis of triazole-substituted 1-arylquinoxaline systems by two routes. The two-step method benefits from the efficient and regioselective nucleophilic substitution of 5-fluorine or 5-chlorine in 2-nitrosodiarylamines by sodium azide and is followed by double condensation with acetylketones. Some limitations of the method can be circumvented by separation of the two cyclization reactions. Thus, in the alternative approach, 7-halogenoquinoxalinones are prepared first, followed by substitution of halogens to form the intermediate azidoquinoxalinones. This allows to use two different dicarbonyl compounds for both cyclization processes, and therefore extends the scope of tricyclic systems obtained from 2-nitrosodiarylamines.
Experimental Section
General. 1 H and 13 C NMR spectra were recorded on a Varian-NMR-vnmrs600 and a Varian Mercury 500 instruments at 298 K. Chemical shifts are expressed in ppm referred to TMS ( 1 H NMR) or to the solvent used ( 13 C NMR), with coupling constants in Hertz. Mass spectra were obtained on an AutoSpec Premier (Waters) spectrometer (EI, 70 eV) and an API 365i spectrometer (ESI in MeOH). Silica gel Merck 60 (230-400 mesh) was used for column chromatography. THF was distilled from sodium/benzophenone ketyl prior to use. DMF was dried over CaH2, distilled and stored over molecular sieves. Common reagents and materials were purchased from commercial sources and used as received. Preparation and characterization of 2-nitrosodiarylamines 1, except 1a, 1e and 1f, have been described in our previous papers. 8, 17, 18 Quinoxalinones 6a-c were prepared following the procedure published earlier. 12 (3.4 g, 30 mmol) in dry THF (50 mL) cooled to -74 o C was added 4-chloro-2-iodoaniline (7.6 g, 30 mmol) in THF (5 mL) then a solution of 4-fluoronitrobenzene (4.23 g, 30 mmol) in THF (5 mL) was added dropwise. The mixture was stirred at ca -70 o C for 60 min then the mixture was alowed to warm up slowly to -30 o C, then poured into conc. HClaq (20 mL) in water (400 mL) and extracted with EtOAc. The extract was washed with water and dried (Na2SO4). After evaporation the product was isolated by column chromatography (SiO2, hexane/toluene 2:1). Pure 1a (5.75 g, 51%) was obtained as a brown solid. mp 148 °C (dec. 
N-(5-Fluoro-2-nitrosophenyl)-N-(4-chloro-2-iodophenyl)amine (1a). To a solution of t-BuOK

-(5-Chloro-2-nitrosophenyl)-N-mesitylamine (1e).
To a cooled to -74 o C solution of t-BuOK (3.4 g, 30 mmol) in dry THF (50 mL) was added mesitylamine (1.3 g, 9.6 mmol) in THF (5 mL) then a solution of 4-chloronitrobenzene (1.51 g, 9.6 mmol) in THF (5 mL) was added dropwise. The mixture was stirred at ca -70 o C for 40 min then poured into saturated NH4Cl and extracted with EtOAc. The extract was washed with water and dried (Na2SO4). After evaporation the product was isolated by column chromatography (SiO2, hexane/toluene 5:1 -1:1. Pure 1e (2.08 g, 78%) was obtained as a dark solid. mp 64-69 o C. 1 
N-(5-Chloro-2-nitrosophenyl)-N-(2-ethyl-6-methylphenyl)amine (1f).
Obtained according to the procedure described for 1e from 2-ethyl-6-methylaniline (1.30 g, 9.6 mmol) and 4-chloronitrobenzene (1.51 g, 9.6 mmol) as dark oil (2.03 g, 77%). 1 H NMR (600 MHz, CDCl3): δ 1.09 (t, J 7.5 Hz, 3H), 2.08 (s, 3H), 2.43 (q, J 7.5 Hz, 2H), 6.30 (d, J1.1 Hz, 1H), 6.91 (d, J 7.3 Hz, 1H), 7.16 (d, J 7.6 Hz, 1H), 7.18 (d, J 7.6 Hz, 1H), 7.25 (t, J 7.6 Hz, 1H), 8.78 (br s, 1H), 11.81 (br s, 1H); 13 C NMR (150 MHz, CDCl3): δ 14.7, 18.1, 24.8, 114.2, 118.2, 127.1, 128.4, 128.8, 132.5, 136.0, 141.7, 142.2, 144.8, 155.0 General procedure for the reactions of 2-nitrosodiarylamines 1a-g with sodium azide. A mixture of 2-nitrosodiarylamine 1 (0.5 mmol), sodium azide (129 mg, 2.0 mmol) and NBu4HSO4 (69 mg, 0.2 mmol) in CH3CN (4 mL) was stirred at room temperature for 2-5 h (tlc controlled). When the reaction was complete CH3CN was evaporated at room temperature. To the residue Et2O (40 mL) and water (5 mL) were added and the layers were separated. The organic layer was dried (Na2SO4) and the solvent was evaporated to obtain products pure enough for further reactions. When it was necessary, the Et2O solution was poured through a small SiO2 pad before evaporation to remove tars. Additional purification for analytical purposes was performed by column chromatography (SiO2, hexane/ethyl acetate, 9:1 to 2:1). and/or recrystallization from hexane/ethyl acetate mixture. 4, 102.8, 110.1, 126.6, 129.5, 132.8, 137.9, 139.6, 149.7, 154.6 6.32 (s, 1H), 6.66-6.73 (m, 1 H), 7.15-7.26 (m, 2H), 7.78 (s, 1H), 8.76 (br s, 1H), 11.87 (br s, 1H). 13 C NMR (125 MHz, CDCl3): δ 20.5, 96.4, 109.8, 114.4, 118.9, 126.3, 130.1, 136.1, 139.1, 140.6, 144.6, 154.6, 155.0 
5-Azido-4'-chloro-2'-iodo-2-nitrosodiphenylamine (2a). Brown powder (142 mg, 71%
5-Azido-2'-t-butyl-2-nitrosodiphenylamine (2d).
Brown solid (150 mg, 96%). mp 96 °C (dec.); 1 H NMR (500 MHz, CDCl3): δ 1.37 (s, 9H), 6.24 (br s, 1H), 6.67 (br s, 1H), 7.14-7.18 (m, 1H), 7.23-7.27 (m, 1H), 7.29 (ddd, J 7.7, 7.4, 1.5 Hz, 1H), 7.52 (dd J 7.7, 1.5 Hz, 1H), 8.76 (br s, 1H), 12.58 (br s, 1H); 13 C NMR (125 MHz, CDCl3): δ 30. 6, 35.0, 103.3, 109.4, 114.2, 127.1, 127.6, 127.7, 127.8, 129.3, 134.6, 136.3, 143.1, 146.3, 149.5, 154.9 ; MS (EI): m/z (%) 295 (2) 13 C NMR (125 MHz, CDCl3): δ 18.0, 21.0, 102.6, 109.1, 129.4, 130.6, 135.3, 136.7, 137.8, 140.2, 149.5, 154.7; MS (ESI) 102.6, 109.1, 127.1, 128.3, 128.8, 132.7, 135.9, 136.6, 141.6, 143.2, 149.6, 154.6; MS (ESI) : m/z 280 [M-H] + , HRMS (ESI): m/z calcd for C15H14N5O: 280.1998, found: 280.1998 . 5-Azido-3-chloro-2', 6'-dimethyl-2-nitrosodiphenylamine (2g). Brown crystals, crude yield 148 mg, 98%), after column chromatography (hexane/EtOAc) 95 mg, 63%). mp 128-130 °C. 1 H NMR (500 MHz, CDCl3): δ 2.08 (s, 6H), 5.73 (d, J 2.2 Hz, 1H), 6.74 (d, J 2.2 Hz, 1H), 2 H), 1H), 12.62 (br s, 1H) . 13 C NMR (125 MHz, CDCl3): δ 18.0, 101.9, 110.1, 128.4, 128.9, 132.9, 135.5, 137.6, 147.6, 150.1, 150.5; MS (EI) : m/z (%) 301 (73), 258 (74), 207 (82), 193 (100), 144 (95) , HRMS (EI): m/z calcd for C14H12 35 ClN5O: 301.0730, found: 301.0723.
General procedure for the reactions of 3-chloro-2-nitrosodiarylamines 1h and 1i with sodium azide. A mixture of 2-nitrosodiarylamine 1 (0.5 mmol) and sodium azide (129 mg, 2.0 mmol) in DMF (5 mL) was stirred at room temperature for 10 days or for 24 h at 80 o C with comparable results. When the reaction was complete the mixture was diluted with water (70 mL) and extracted with EtOAc (30 mL) . The extract was washed with water (3 x 50 mL), brine and dried (Na2SO4). The solvent was evaporated to obtain crude products which were purified by column chromatography (SiO2, hexane/ethyl acetate, 9:1 to 1:1) then recrystallized from i-PrOH for analytical purposes. N-(2,6-Dimethylphenyl)-2,1,3-benzoxadiazol-4-amine (4a 18.0,102.9, 103.1, 127.4, 128.8, 133.9, 134.5, 135.5, 136.4, 144.7, 150 18.0, 55.6, 78.8, 99.3, 127.5, 128.8, 134.9, 135.2, 136.3, 143.3, 151.0, 164.6 General procedure for the double condensation of 5-azido-2-nitrosodiarylamines 2 with dicarbonyl compounds. A solution of 2 (0.5 mmol), the dicarbonyl compound (1.1 mmol) and t-BuNH2 (175 mg, 2.4 mmol) in CH3CN (5.0 mL) was stirred at room temperature for 24 h. When the reaction was complete CH3CN was evaporated. Water (4 mL) was added to the residue and the mixture was extracted with EtOAc (10 mL). The extract was dried (Na2SO4) and the solvent was evaporated. The crude product was purified by column chromatography (SiO2, hexane/ethyl acetate, 9:1 to 2:1) to obtain pure product 5. 10.2, 27.7, 27.8, 92.8, 99.6, 108.8, 117.3, 131.1, 131.4, 132.0, 132.9, 134.5, 136.1, 136.4, 137.1, 137.3, 138.3, 141.5, 143.7, 156.6, 194.2, 198.7; MS (EI) : m/z (%) 545 (21) 
